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Abstract
Background: An acquired brain injury (ABI) is a complex injury often followed by a broad range of cognitive,
physical, emotional, and behavioral disabilities. Because of these disabilities, vocational rehabilitation (VR) is a
challenging task, however, of great importance, since approximately 75% of the patients with ABI are of working
age. Thus, standardized clinically effective and cost-effective methodologies regarding VR for patients with ABI are
highly needed. Therefore, the aim of this study is to evaluate the effect of an individually targeted manual-based VR
for patient with ABI compared to conventional VR (usual care).
Methods: This study is an interventional, two-arm, six-month follow-up, cluster randomized controlled trial involving four
municipalities in the Zealand Region and the Capital Region of Denmark. A total of 84 patients with ABI evenly distributed
across four municipalities will be included in the study. The patients will randomly be allocated in a 1:1 ratio to the VR
intervention provided by a specialized Brain Injury Centre or the conventional VR provided by the municipalities (usual
care). The six- to nine-month intervention will consist of individual and group therapies as well as a work placement
program including supported employment. Furthermore, the intervention will include a family intervention program
followed up by support to one individual family caregiver. The primary outcomes are increased work or study rate at
six-month follow-up. Moreover, a budget impact analysis and possibly a cost-utility analysis of the intervention will be
performed.
Discussion: This study consists of a comprehensive multidiciplinary VR intervention involving several parties such as the
municipalities, a specialized rehabilitation team, and patients’ own family caregivers. If this intervention is proven successful
when compared to the conventional VR, it will provide evidence for a manual-based individualized holistic approach in
returning to work after an ABI. Furthermore, the study will contribute with novel knowledge regarding feasibility and
clinical effectiveness of the VR intervention relevant to clinicians, researchers, and policymakers.
Trial registration: ClinicalTrials.gov, NCT03086031. Registered on 21 March 2017.
Keywords: Traumatic brain injury, Vocational rehabilitation, Caregiver intervention, Return to work, Randomized controlled
trials, Study protocol
* Correspondence: Trineschow@bomi.roskilde.dk
1Research and development, Brain Injury Center BOMI, Maglegaardsvej 15,
4000 Roskilde, Denmark
Full list of author information is available at the end of the article
© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Hoeffding et al. Trials  (2017) 18:371 
DOI 10.1186/s13063-017-2115-0
Background
An acquired brain injury (ABI) is a complex injury often
followed by a broad range of cognitive, physical, emo-
tional, and behavioral disabilities [1, 2]. Because of these
disabilities, most patients with ABI find it challenging to
remain in or return to work post injury [3–5], even
though approximately 75% of these patients are of work-
ing age [6].
Vocational rehabilitation (VR) is often a prolonged
process, leading to high cost to the healthcare system
and society [7]. Barriers to VR success include the
severity of the ABI, age at injury, income, and education
pre injury, but also challenges directly related to the
workplace [1, 8, 9]. Often, the employer has little or no
knowledge about the consequences of an ABI and there
is no direct communication between the brain injury
specialist, the employer, and the employees regarding
the challenges and needs in relation to work-related
tasks.
Even though returning to work has proven important
for long-term ABI survival and increased levels of
quality of life [10], standardized evidence-based VR
programs targeting patents with ABI have been lacking
[11–13]. One very interesting feasibility randomized
controlled trial (RCT) protocol has been published re-
garding brain injury and return to work; however, this
protocol involved patients with a traumatic brain injury
exclusively [14]. It has previously been shown that
support from specialized VR teams help patients with
ABI returning to work post injury [1, 2]. However, only
few studies have examined the long-term effect of differ-
ent types of VR interventions [5, 13, 15–20]. Such
studies have mainly focused on VR programs where
multiple unstandardized components interact in time,
which challenge the reproducibility and knowledge of
the active modules involved. Moreover, the previous VR
interventions have been performed similarly to all
patients even though ABI is a broad diagnostic category
with various degrees and characteristics. Thus, VR inter-
ventions that are tailored and adjusted to each patient
might be proven more efficient and effective in enhan-
cing returning to work.
The bidirectional relationship between the wellbeing of
the patient and the family is well documented [21–29];
consequently, active participation from family caregivers is
likely to show a positive effect on the reintegration of the
patient in a work setting. Thus, family caregivers could be
a valuable resource both in parallel to the professional
support and to ensure future consolidation and anchoring
of the VR.
In this study, we hypothesize that patients with ABI
need a coordinated effort across multiple disciplines and
sectors with specialized knowledge (such as municipal-
ities, family caregivers, and rehabilitation teams) in order
to get a coherent VR program. Therefore, the aim of this
study is to develop an individually targeted manual-
based VR program based on thoroughly described
modules that inform clinicians, researchers, and policy-
makers about effectiveness and costs of the VR
intervention.
Methods/Design
Trial design and hypotheses
An interventional, two-arm, six-month follow-up, cluster
RCT (Fig. 1) including 84 participants with an ABI allo-
cated randomly (allocation ratio 1:1) to the VR interven-
tion and control group that consists of a conventional
VR program (usual care).
The main objective of the study is to develop an indi-
vidually targeted manual-based VR program and deter-
mine its efficacy for patients with ABI. The first
hypothesis of the study is that more participants allo-
cated to the VR intervention group will have a signifi-
cant higher employment or study rate (measured in
hours) at six-month follow-up when compared to partic-
ipants receiving the conventional VR program provided
by the municipalities (control group). The second hy-
pothesis is that health-related quality of life (HRQoL)
and disability among the participants and HRQoL and
the caregiver burden among the caregivers are signifi-
cantly improved at the end of the VR intervention and
at six-month follow-up when compared to the conven-
tional VR program. Finally, a budget impact and possibly
a cost-utility analysis will be performed since we
hypothesize that it will be an economically sound deci-
sion for the municipalities to invest in a specialized VR
when compared to the conventional VR program pro-
vided by the municipalities. Such an analysis is based on
an overall assessment of the health gain, both in terms
of clinical effects and participant perceived utilities, and
the related expenditures and costs.
The duration of the study is three years and the assess-
ments will take place at baseline and at the end of the
intervention (approximately after 6–9 months). In order
to determine any long-term effect of the intervention,
follow-up assessment is planned after six months.
The trial is designed and reported according to the
SPIRIT (Standard Protocol Items: Recommendations for
Interventional Trials) Statement [30] (see Additional
files 1 and 2 and Fig. 2).
Patient recruitment and eligibility
The 84 patients included in the study will be recruited
from several municipalities in the Zealand Region and
Capital Region of Denmark in the period between
August 2017 and August 2018. Before the beginning of
the study the case managers at the municipalities will re-
ceive study training to be able to inform about the study
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and apply the inclusion criteria to each identified
patient. Patients are eligible if they: (1) are aged 16–60
years; (2) suffer from an ABI; (3) acquired the injury
within the last 3–24 months; (4) are employed or
enrolled in education prior to the injury; (5) are cur-
rently employed or enrolled in education up to a
maximum of 15 h/week or taking sick leave/un-
employed; (6) have the motivation to participate in VR;
(7) are able to participate in group sessions; (8) are able
to speak and understand Danish; and particularly for the
family intervention, (9) have at least two family care-
givers willing to participate in the study. Individuals are
excluded from the study if they: (1) have any other
somatic or psychiatric illnesses before the ABI that make
it impossible to complete the intervention; (2) suffer
from substance abuse or severe apasia; (3) have a pro-
gressive brain injury; (4) are pregnant; and particularly
for the family intervention, (5) have a mini mental state
examination score < 23. All individuals that meet the in-
clusion criteria will be invited to enroll in the study and
will be asked for consent to participate.
All patients in the intervention group will not receive
usual care from the municipalities. However, they will
not be stopped from participating in leisure activities or
private practice treatment if they prefer this during the
intervention period.
Randomization
To avoid confounding between the VR intervention and
the control group due to random probability, the num-
ber of cases and controls within each of the enrolled
municipalities is set to be the same (+1/–1). Due to the
prospective nature of the inclusion, which practically
means that the number of patients included within each
municipality is not known a priori, the randomization is
performed by randomly assigning the first patient within
each municipality to either the VR intervention or the
conventional VR program. The following patient (within
each municipality) is then assigned consecutive to the
other group and so forth. This randomization scheme
ensures equal distribution of cases and controls, both
within each municipality as well as in time, avoiding
confusion of these two factors. Controlling the distribu-
tion over time is central in such a study where some
variation over the trial period due to protocol familiarity
of the rehabilitation team at the Brain Injury Centre may
be expected.
Blinding
Because of the nature of the study, it will be clear to
most participants whether they are allocated to the VR
intervention or the control group. Thus, it is not pos-
sible to blind either the participants or the rehabilitation
Fig. 1 A flow chart of the study
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team, but they will be asked not to disclose any details
about the allocation or the content of the VR. The two
independent research assistants will be trained to admin-
ister the assessments and will be blinded to the alloca-
tion when entering data into the database. The
researchers and the statistician performing the data ana-
lysis are blind to the treatment arm in which the partici-
pants are allocated. The rehabilitation team and the
research assistant will only be involved in the data
collection and will therefore not participate in the data
analyses.
A description of the manual-based VR interventions
This manual-based VR study comprises the following
three phases:
1. Initial assessment: Within two weeks after the referral
to the study, each patient will meet with the case
manager in the municipality (brain injury coordinator).
Here, a more thorough interview will ensure that the
inclusion criteria are met and, in addition, asses the
patient’s readiness for VR. Moreover, the participant
will be fully informed about the content of the study,
how participation is voluntary, and how they are free
to withdraw at any time during the study. If written
informed consent is obtained, each patient is assigned
a unique trial ID number and baseline questionnaires
will be filled out together with the following socio-
demographic, employment, and clinical data: gender;
date of birth; residence; civil status; nationality; income;
pre-injury employment and education status; pre-injury
occupation status; length of education; time since the
brain injury; type and location of the brain injury;
number of days hospitalized; the date of discharge;
clinical diagnoses or any relevant medical events; and
alcohol consumption or abuse. Participants will then
be randomly assigned to either the VR intervention or
the conventional VR. At last, each patient included in
the VR intervention group will be asked to choose at
least two family members to participate in the family
Fig. 2 Content for the schedule of enrollment, interventions, and assessments
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intervention and one family caregiver which will par-
ticipate actively in the individual sessions and serve as
future support and resource facilitator to assist them
in returning to work. This initial assessment will take
approximately 50 min and the patient will have the
opportunity to ask questions throughout the entire as-
sessment. To exclude recruitment bias, patients that
meet the eligibility criteria but refuse to participate in
the study will be asked a few questions about their
refusal. Hereafter, the patient will be contacted by ex-
ternal testers and baseline testing will be completed.
2. The VR intervention program: The VR intervention
lasts for a total of 6–9 months and consists of, first,
six different modules (approximately three months)
that are individually planned based on the patient
needs and goals and, second, a work placement
program (approximately 3–6 months). To ensure a
uniform procedure of each of the different modules,
comprehensive “standard operating procedures”
(SOPs) will be developed by the rehabilitation team
at the Brain Injury Centre before the beginning of
the VR intervention. All members of the
rehabilitation team (which includes six
neuropsychologists, eight occupational therapists,
and four physiotherapists) are already experienced in
the VR intervention program and exceedingly
specialized in ABI rehabilitation. They will go
through a one-day workshop to be thoroughly intro-
duced to the specific study protocol and the SOPs as
recommended by Holmes et al. [31]. The six mod-
ules will be grouped into: (1) individual therapies,
which includes neuropsychological sessions (10 h),
balance between work and everyday life (20 h), and
job matching (10 h); (2) grouped-based therapies,
which includes psycho education (18 h), mindfulness
(15 h), and physiotherapy training (15 h); (c) a man-
ualized family intervention program (eight sessions
of 90 min) [32] and an individual caregiver coaching,
supporting the caregiver in assisting the patient
using the different strategies and tools learned in the
intervention in everyday life and at the workplace
(12 h); (4) an individual work placement program in-
cluding work practice (3–6 months), supported em-
ployment where the rehabilitation team is at the
work place (30 h), and the development of a post-
rehabilitation plan (4 h). The modules are planned
based on the participant’s needs and goals thus, the
length, duration, structure, and composition of the
program will vary from patient to patient. The indi-
vidual sessions and group sessions are delivered ei-
ther in parallel or in serial depending on the patient.
Group sessions will take place at the Brain Injury
Centre BOMI and the individual sessions will most
often take place in the patient’s home. The
individual work placement intervention will take
place at relevant workplaces, the patient’s current
workplace, or at a new workplace found by the
municipality or the Brain Injury Centre BOMI,
depending on the individual case.
3. Post-trial evaluation: An evaluation of the VR
intervention will be performed by a self-developed
semi-structured interview of each patient. Here,
questions related to the recruitment procedure, the
modules of the study, the timing of modules, and the
coaching by the rehabilitation team will be collected.
Furthermore, all case managers at the municipalities
that referred participants to the study will be asked
about their experiences and level of satisfaction.
The conventional VR provided by the municipalities
(usual care)
Individuals allocated to the control group will receive
the conventional VR program provided by the munici-
palities over the same period of time. Thus, the partici-
pants in the control group will receive VR support by
the local municipal authority that may vary in content
and intensity. As for the intervention group, each
individual in the control group will select a family care-
giver that will go through the same questionnaires as the
caregivers in the VR intervention group regarding
HRQoL and functional level.
Furthermore, the case manager at the municipalities is
obliged to: (1) refer patients to the study; (2) hand out
the baseline questionnaires to the participants and their
family caregivers; and (3) complete a questionnaire
about each participant at the beginning and end of the
study, and again at the six-month follow-up.
An evaluation of the conventional VR provided by the
municipalities will be performed by the rehabilitation
team using a self-developed semi-structured interview of
each patient.
Outcome measures
Primary and secondary outcomes are outlined in Table 1
and are measured at baseline, after the end of the inter-
vention, and at the six-month follow-up. In addition, the
family caregivers will be evaluated (Table 1).
Economic evaluation of the intervention
The economic consequences of the ABI will be evalu-
ated using a two-stage approach. First, a budget impact
analysis of the financial streams related to ABI for the
two compared interventions will be performed to exam-
ine the affordability of the interventions. Second, the
health gains will be quantified by the standardized ques-
tionnaire EQ-5D-3 L (health profiles and self-perceived
health status). If relevant and feasible, a cost-utility
analysis (quality adjusted life-years [QALYs]) from a
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societal perspective will be performed, including a cost-
effectiveness acceptability curve to show the probability
that the intervention will be cost-effective for a range of
maximum prices that the municipalities will be willing
to pay for an extra QALY.
Data on financial streams and costs are collected from
the patients when discharged from hospital to the end of
the follow-up period of the study by a self-developed
questionnaire to the participating municipalities. Data
collection will be based on routinely collected data,
which can be retrieved from financial and administrative
systems, in order to get an overall cost estimate on con-
sumption of handicap compensating products and
services (if the consumption of such services deviates
significantly for the two types of interventions, i.e. mar-
ginal cost perspective). Non-priced usage of welfare
services will be based on time usage and converted into
monetary value by standard prices or local costs. Long-
term effects on employment will be forecasted based on
the observed employment effects during the follow-up
period. Age-specific assumptions regarding employment
will be set in order to calculate the averaged long-term
effects.
In order to calculate the present value of the future
gains of the interventions, a discount rate of 4% will be
applied. Statistical uncertainty on the results will be
calculated, in addition, to sensitivity analysis on critical
assumptions (difference-in-difference analysis).
Data collection and management
Data will be stored in a secure password-protected
electronic database hosted by the Brain Injury Centre
BOMI following Danish legislation. Over a period of
three years, 84 individuals with ABI will be included in
the study and assigned a unique trial ID number. Data
will be collected prior to the intervention (baseline), at
the end of the intervention, and at the six-month follow-
up by various questionnaires (Fig. 1 and Table 1). All
Table 1 Primary and secondary outcomes and outcomes related to family caregivers
Outcome Assessment Test tool Assessment time:
Baseline End 6-month FU
Primary outcome Hours at work/study per week Register-based or by interviews X X X
Secondary outcomes Proficiency on functional task The Mayo-Portland Adaptability Inventory
(MPAI-4) (participation index – rating will
be done separately by the patient, relatives,
and staff)
X X X
Functional status Glasgow Outcome Scale Extended (GOSE) X X X
Health-related quality of life EuroQol Five Dimensions Questionnaire
EQ-5D-3 L
X X X
Anxiety and depression Hospital Anxiety and Depression Scale
(HADS)
X X X
Fatigue Dutch Multifactor Fatigue Scale (DMFS) X X X
Physical functioning Timed Up and Go (dual task) (TUG) X X X
Self-perceived burden to others Self-Perceived Burden Scale (SPB) X X X
Socio-demographic, employment,
and clinical data
Structured interviews X X X
Working ability Work Ability Index™ (version 2007) X X X
Assessment of intelligence Wechsler Adult Intelligence Scale
(subtest)
X X X
Executive functioning TRAIL Making Test A and B X
Cognitive functioning Paced Auditory Serial Addition Task
(PASAT)
X X X
Working memory Connors Continuous Performance Test X X X
Outcome family caregivers Quality of life EuroQol Five Dimensions Questionnaire
EQ-5D-3L, SF-12
X X X
The adaptability and cohesion
dimensions in family interactions
Family Adaptability and Cohesion Scale
(FACES-IV)
X X X
Problem-solving ability Problem Solving Inventory (PSI) X X X
Assess perceived burden among
caregivers
Caregiver Burden Scale (CBS) X X X
Hospital Anxiety and Depression Scale X X X
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assessments will take place at the local rehabilitation
center and will be done by two to three research assis-
tants blinded to the intervention. Each assistant will
receive thorough training in the assessment and will
continue to be supervised throughout the study period.
Data will be entered directly into a survey and exported
into the database to ensure quality of the data. Access to
data is restricted to the principle investigator and autho-
rized researchers reported to the Danish Data Protection
Agency. Furthermore, the data will be published in
peer-reviewed scientific journals and the results will also
be presented at national and international conferences.
Ethical issues
The study has been reported to the Danish Data Protec-
tion Agency (registration no. 2016-41-4950) and is regis-
tered with the Clinical Trials Gov identifier no.
NCT03086031. The Regional Ethical Committee of
Copenhagen, Denmark, has stated that the study does
not need their approval (komitélovens §§1 and 2). The
study will be carried out according to the local legal and
regulatory requirements and data will be handled ac-
cording to the guidelines given by the Danish Personal
Data Protection Agency.
All participants must give written and oral informed
consent to participate in the study, including their
consent to publish the results. If any participants are
under the age of 18 years, they will provide a verbal
acceptance while their parents will complete the
written consent.
We expect a very low risk of adverse effects. However,
increased fatigue in the intervention group could occur
since a more intense program is followed and the test
situation might be exhausting to some patients. Further-
more, VR could for some participants be perceived as
stressful and inclusion of the family caregivers could re-
sult in a higher risk for intra-family conflicts. However,
the sessions in the family intervention program includes
psychoeducation in how to recognize, handle, and cope
with situations that might escalate emotionally. All ad-
verse effects will be reported and participants have the
possibility to contact the rehabilitation team by tele-
phone or email throughout the study.
Sample size and power
The primary endpoint “hours at work/study per week” is
assumed to follow a Poisson distribution with an over-
dispersion of 4. Under this assumption, the relation be-
tween average hours at work for the conventional VR
treatment, the expected surplus of hours by the VR
intervention and the study power is calculated for a
study with n = 42 + 42 = 84 participants. Figure 3 shows
this relation where, for instance, a study with 10 h of
work for the conventional VR treatment and 14 h of
work for the VR intervention leads to a study power of
0.8 at level alpha = 0.05.
Statistical analysis
Data analysis will be conducted using the statistical
program R version 3.2.2. Baseline characteristics of
the participants will be reported to ensure homogen-
eity between the VR intervention and the control
group (reported as mean and standard deviation for
continuous variables and proportions for categorical
variables). Differences between baseline characteristics
for continuous variables will be tested by an inde-
pendent samples t-test or a Mann–Whitney U test
dependent on the distribution of the data. Categorical
variables will be analyzed by a Chi-square test. If any
significant differences between the VR intervention
and the control group are found, these will be
adjusted for in the downstream analyses.
The differences between the VR intervention and
the control group for the primary and secondary out-
comes will be analyzed using repeated measurements
statistical tools and multilevel analysis, including
possible confounders (e.g. age, gender, ABI severity,
socioeconomic status pre-injury, education, or recruit-
ment site). P values and 95% confidence intervals will
be provided and P < 0.05 will be considered statistical
significant.
Fig. 3 The x-axis depicts the average hours at work/study per week
for the conventional VR treatment and the y-axis the average surplus
obtained from the VR intervention. The colors indicate the study
power at level alpha 0.05 under these expectations for a study with
42 + 42 = 84 participants. The black line indicates the combinations
obtaining a power of 0.8
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Trial status
The trial is expected to start recruiting the first partici-
pants in August 2017. Follow-up assessments, including
data analysis, are expected to be completed by Decem-
ber 2019.
Discussion
The objective of this study is to develop an individually
targeted manual-based VR program for patients with an
ABI and evaluate its effectiveness measured as hours in
employment/study and costs when compared to conven-
tional VR provided by the municipalities.
To our knowledge, this is one of the first studies to
take a holistic approach and formalize the collaboration
between municipalities, a specialized rehabilitation team,
and family caregivers in order to improve VR for
patients with ABI. The results of this study will provide
several innovative contributions to the existing literature
regarding the feasibility and effectiveness of this VR
intervention important for the allocation of resources in
future VR programs.
An important element in this VR program is the indi-
vidualized approach, aiming to support the participant
in the work/everyday life balance, cognitive, and func-
tional problems as well as providing individual support
for gaining and sustaining employment. In Denmark, the
municipalities have the responsibility to offer rehabilita-
tion and therefore an important issue in this study is to
focus on the cooperation with the municipalities. The
different elements of this VR program will be described
in separate manual-based procedures increasing the
knowledge of the different “ingredients” used to the dif-
ferent participants. Thus, the positive effect of this pro-
gram should provide measurable progress in
employment status and participation, level of fatigue,
functional disability, and HRQoL. However, the study
will not be able to determine which element or elements
in the VR program are the most effective or if some
could be omitted or increased in intensity. Instead, this
study will provide knowledge about how the VR inter-
vention differentiates from the program in the munici-
pality, since the elements (modules) are described and
the effect and utility costs are evaluated.
The study gains its strength from the participation of
various municipalities spread across the Zealand Region
and the Capital Region of Denmark that will ensure that
different types of ABI will be represented in the study.
An additional strength is the inclusion of family care-
givers in the VR intervention, which facilitate that the ef-
fects will be implemented and anchored after the VR
intervention ended that could otherwise be lost. Further-
more, the family intervention program addresses the
family function as a whole, which more or less is an
overlooked issue in Danish rehabilitation.
The study is limited by a number of factors. First, the
study will not include patients that for some reasons are
unwilling to participate in the study but fulfill the inclu-
sion criteria. However, when possible, the reason for
refusal and some baseline questions will be obtained and
included in the analysis in order to avoid recruitment
biases. Second, both the participants and the rehabilita-
tion team will not be blinded to the allocation, but the
cluster randomization and blinding of the researchers
should ensure that contamination does not occur. Third,
the control intervention may most likely vary across the
municipalities that participate in the study and may also
vary nationwide, affecting the social benefits and
vocational terms.
Additional files
Additional file 1: SPIRIT Checklist. (DOC 123 kb)
Additional file 2: Informed consent. (DOC 122 kb)
Abbreviations
ABI: Acquired brain injury; CBS: Caregiver Burden Scale; DMFS: Dutch Multifactor
Fatigue Scale; EQ-5D-3L: EuroQol five dimensions questionnaire; FACES-
IV: Family Adaptability and Cohesion Scale; GOSE: Glasgow Outcome Scale
Extended; HADS: Hospital Anxiety and Depression Scale; HRQoL: Health-related
quality of life; MPAI-4: The Mayo-Portland Adaptability Inventory; PSI: Problem
Solving Inventory; QALY: Quality adjusted life-years; SF-12: 12-Item Short Form
Health survey; SOP: Standardized operating procedure; SPB: Self-Perceived
Burden Scale; TUG: Timed Up and Go; VR: Vocational rehabilitation
Acknowledgements
We give special thanks to the professionals in the intervention team and external
testers for their interest in this study development. Also, a special thanks to the
Head of the Brain Injury Centre, Henning Olsen, who significantly contributed in
planning this study. We also give a special thanks to the Danish Brain Injury
Association and the Danish Stroke Association for their support, and to Tom F.
Bergquist and Allen W. Brown from the Mayo Clinic, Rochester, MN, USA. Finally,
we would like to thank Terkel Christiansen from the Centre of Health Economics
Research, Department of Business and Economics, University of Southern Denmark
for assisting with the planning of the economic evaluation and to Professor Tom
Teasdale and Anne-Sophie Wendell for participating in the back-translation of
scales from Danish to English.
Funding
The study is financed by the Danish Agency for Labour Market and
Recruitment (no. 15/18359), the TrygFonden (ID:118512), the Health
Foundation (Helsefonden) (ID:16-B-0115), the Lundbeck Foundation (R219-
2016-1030, Dr. Hoeffding), The Danish Council for Independent Research
(1333-00275A Dr. Burgdorf), and the Lundbeck Foundation (R209-2015-3500
Dr. Burgdorf). The funder had no role in the design of the study and
collection, analysis, interpretation of data, and in writing the manuscript.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
LKH wrote the first draft of the paper. TS conceived the trial and helped
writing the protocol. MAR discussed study design, performed the power
analysis, and wrote the statistical section in the protocol. MHN, KB, and LKH
are part of the research team. AN and JCA are part of the Family
Intervention program and wrote the sections of family intervention in the
protocol. UKK planned the economic evaluation. All authors critically read,
improved, and approved the final manuscript.
Hoeffding et al. Trials  (2017) 18:371 Page 8 of 9
Ethics approval and consent to participate
The study has been reported to the Danish Data Protection Agency
(registration no. 2016-41-4950). The Regional Ethical Committee of Region
Zealand, Denmark, has stated that the study does not need their approval
(komitélovens §§1 and 2). The study will be carried out according to the
local legal and regulatory requirements and data will be handled according
to the guidelines given by the Danish Personal Data Protection Agency.
All participants must give written and oral informed consent to participate in
the study, including their consent to publish the results. If any participants
are aged under 18 years, they will provide a verbal acceptance while their
parents will complete the written consent.
Consent for publication
Not applicable in this section.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Research and development, Brain Injury Center BOMI, Maglegaardsvej 15,
4000 Roskilde, Denmark. 2Institute of Biological Psychiatry, Mental Health
Centre Sct. Hans, Copenhagen University Hospital, Roskilde, Denmark.
3Department of Clinical Immunology, the Blood Bank, Rigshospitalet,
University Hospital of Copenhagen, Copenhagen, Denmark. 4Faculty of
Science, Chemometrics and Analytical Technology, University of
Copenhagen, Copenhagen, Denmark. 5Copenhagen Prospective Studies on
Asthma in Childhood, Faculty of Health and Medical Sciences, University of
Copenhagen & Danish Pediatric Asthma Center, Gentofte Hospital, University
of Copenhagen, Copenhagen, Denmark. 6National Study on Young Brain
Injury Survivors, Department of Neurology, Rigshospitalet-Copenhagen
University Hospital, Copenhagen, Denmark. 7BioCruces Health Research
Institute, Cruces University Hospital, Barakaldo, Spain. 8IKERBASQUE. Basque
Foundation for Science, Bilbao, Spain. 9Kjaer Management, 3520 Farum,
Denmark. 10Neuropsychologist, Head of Research and Development at Brain
Injury Center BOMI, Roskilde, Denmark.
Received: 21 April 2017 Accepted: 23 July 2017
References
1. Donker-Cools BHPM, Daams JG, Wind H, Frings-Dresen MHW. Effective
return-to-work interventions after acquired brain injury: a systematic review.
Brain Inj. 2016;30:113–31.
2. Coole C, Radford K, Grant M, Terry J. Returning to work after stroke: perspectives
of employer stakeholders, a qualitative study. J Occup Rehabil. 2013;23:406–18.
3. Ketchum JM, Almaz Getachew M, Krch D, Baños JH, Kolakowsky-Hayner SA,
Lequerica A, et al. Early predictors of employment outcomes 1 year post
traumatic brain injury in a population of Hispanic individuals.
NeuroRehabilitation. 2012;30:13–22.
4. Trygged S, Ahacic K, Kåreholt I. Income and education as predictors of
return to working life among younger stroke patients. BMC Public Health.
2011;11:742.
5. Radford K, Phillips J, Drummond A, Sach T, Walker M, Tyerman A, et al.
Return to work after traumatic brain injury: cohort comparison and
economic evaluation. Brain Inj. 2013;27:507–20.
6. Foy CML. Long term efficacy of an integrated neurological and vocational
rehabilitation programme for young adults with acquired brain injury.
J Occup Rehabil. 2014;24:533–42.
7. Saka O, McGuire A, Wolfe C. Cost of stroke in the United Kingdom. Age
Ageing. 2009;38:27–32.
8. Treger I, Shames J, Giaquinto S, Ring H. Return to work in stroke patients.
Disabil Rehabil. 2007;29:1397–403.
9. Wozniak MA, Kittner SJ. Return to work after ischemic stroke: a
methodological review. Neuroepidemiology. 2002;21:159–66.
10. Saunders SL, Nedelec B. What work means to people with work disability: a
scoping review. J Occup Rehabil. 2014;24:100–10.
11. Sinclair E, Radford K, Grant M, Terry J. Developing stroke-specific vocational
rehabilitation: a soft systems analysis of current service provision. Disabil
Rehabil. 2014;36:409–17.
12. Glintborg C, Hansen TGB. Bio-psycho-social effects of a coordinated
neurorehabilitation programme: a naturalistic mixed methods study.
NeuroRehabilitation. 2016;38:99–113.
13. Daniel K, Wolfe CDA, Busch MA, McKevitt C. What are the social consequences of
stroke for working-aged adults? A systematic review. Stroke. 2009;40:e431–40.
14. Radford KA, Phillips J, Jones T, Gibson A, Sutton C, Watkins C, et al.
Facilitating return to work through early specialist health-based
interventions (FRESH): protocol for a feasibility randomised controlled trial.
Pilot Feasibility Stud. 2015;1:24.
15. Man DWK, Poon WS, Lam C. The effectiveness of artificial intelligent 3-D virtual
reality vocational problem-solving training in enhancing employment
opportunities for people with traumatic brain injury. Brain Inj. 2013;27:1016–25.
16. Murphy L, Chamberlain E, Weir J, Berry A, Nathaniel-James D, Agnew R.
Effectiveness of vocational rehabilitation following acquired brain injury:
preliminary evaluation of a UK specialist rehabilitation programme. Brain Inj.
2006;20:1119–29.
17. Niemeier JP, DeGrace SM, Farrar LF, Ketchum JS, Berman AJ, Young JA. Effectiveness
of a comprehensive, manualized intervention for improving productivity and
employability following brain injury. J Vocat Rehabil. 2010;33:167–79.
18. Ntsiea MV, Van Aswegen H, Lord S, Olorunju SS. The effect of a workplace
intervention programme on return to work after stroke: a randomised
controlled trial. Clin Rehabil. 2015;29:663–73.
19. Salazar AM, Warden DL, Schwab K, Spector J, Braverman S, Walter J, et al.
Cognitive rehabilitation for traumatic brain injury: a randomized trial.
Defense and Veterans Head Injury Program (DVHIP) Study Group. JAMA.
2000;283:3075–81.
20. Tyerman A. Vocational rehabilitation after traumatic brain injury: models and
services. NeuroRehabilitation. 2012;31:51–62.
21. Stevens LF, Perrin PB, Hubbard R, Díaz Sosa DM, Espinosa Jove IG, Arango-
Lasprilla JC. Using multiple views of family dynamics to predict the mental
health of individuals with TBI and their caregivers in Mexico.
NeuroRehabilitation. 2013;33:273–83.
22. Perrin PB, Stevens LF, Sutter M, Hubbard R, Díaz Sosa DM, Espinosa Jove IG, et al.
Exploring the connections between traumatic brain injury caregiver mental
health and family dynamics in Mexico City, Mexico. PM R. 2013;5:839–49.
23. Nonterah CW, Jensen BJ, Perrin PB, Stevens LF, Cabrera TV, Jiménez-
Maldonado M, et al. The influence of TBI impairments on family caregiver
mental health in Mexico. Brain Inj. 2013;27:1287–93.
24. Livingston LA, Kennedy RE, Marwitz JH, Arango-Lasprilla JC, Rapport LJ,
Bushnik T, et al. Predictors of family caregivers’ life satisfaction after
traumatic brain injury at one and two years post-injury: a longitudinal multi-
center investigation. NeuroRehabilitation. 2010;27:73–81.
25. Leibach GG, Trapp SK, Perrin PB, Everhart RS, Cabrera TV, Jimenez-
Maldonado M, et al. Family needs and TBI caregiver mental health in
Guadalajara, Mexico. NeuroRehabilitation. 2014;34:167–75.
26. Doyle ST, Perrin PB, Díaz Sosa DM, Espinosa Jove IG, Lee GK, Arango-
Lasprilla JC. Connecting family needs and TBI caregiver mental health in
Mexico City, Mexico. Brain Inj. 2013;27:1441–9.
27. Perrin PB, Norup A, Caracuel A, Bateman A, Tjørnlund M, Arango-Lasprilla JC.
An actor-partner interdependence model of acquired brain injury patient
impairments and caregiver psychosocial functioning: a dyadic-report,
multinational study. J Clin Psychol. 2016;73:279–93.
28. Norup A, Kristensen KS, Poulsen I, Mortensen EL. Evaluating clinically significant
changes in health-related quality of life: a sample of relatives of patients with
severe traumatic brain injury. Neuropsychol Rehabil. 2017;27:196–215.
29. Norup A, Kristensen KS, Poulsen I, Nielsen CL, Mortensen EL. Clinically
significant changes in the emotional condition of relatives of patients with
severe traumatic brain injury during sub-acute rehabilitation. J Rehabil Med.
2013;45:820–6.
30. Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al.
SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical
trials. BMJ. 2013;346:e7586.
31. Holmes J, Phillips J, Morris R, Bedekar Y, Tyerman R, Radford K. Development
and evaluation of an early specialised traumatic brain injury vocational
rehabilitation training package. Br J Occup Ther. 2016;79:693–702.
32. Stevens LF, Lehan T, Durán MAS, Plaza SLO, Arango-Lasprilla JC. Pilot study
of a newly developed intervention for families facing serious injury. Top
Spinal Cord Inj Rehabil. 2016;22:49–59.
Hoeffding et al. Trials  (2017) 18:371 Page 9 of 9
